Overexpression of the yeast frataxin homolog (Yfh1): contrasting effects on iron-sulfur cluster assembly, heme synthesis and resistance to oxidative stress.
Friedreich's ataxia is generally associated with defects in [Fe-S] cluster assembly/stability and heme synthesis and strong susceptibility to oxidative stress. We used the yeast (Saccharomyces cerevisiae) model of Friedreich's ataxia to study the physiological consequences of modulating the expression of the frataxin gene (YFH1). We show that the number of frataxin molecules per wild-type cell varies from less than 200 to 1500 according to the iron concentration in the medium. Cells overexpressing YFH1 on a plasmid (2muYFH1; about 3500 molecules Yfh1/cell) took up more iron than wild-type cells and displayed defective [Fe-S] cluster assembly/stability in vivo. By contrast, endogenous mitochondrial iron was more available to ferrochelatase in 2muYFH1 cells than in wild-type cells, resulting in higher levels of heme synthesis in vitro. Frataxin overproduction resulted in a shift from frataxin trimers to frataxin oligomers of higher molecular mass in the mitochondrial matrix. Much fewer carbonylated proteins were present in 2muYFH1 cells, and these cells were more resistant to oxidizing agents than wild-type cells, which probably resulted from the lower production of hydrogen peroxide by the mitochondria of 2muYFH1 cells compared to wild-type cells. To our knowledge, this work is the first description where major frataxin-related phenotypes ([Fe-S] cluster assembly and heme synthesis) can be split in vivo, suggesting that frataxin has independent roles in both processes, and that the optimal conditions for these independent roles are different.